Objectives. To characterize firearm ownership and storage practices in Washington State and assess their relationship with suicide risk factors.
I
n the United States, suicide is a leading cause of death, with nearly half of those deaths involving a firearm.
1 Several ecological studies have found a relationship between population-level firearm ownership and suicide rates. [2] [3] [4] Using varying levels of aggregation in defining geographic regions, these studies have found an association at state and US census region levels. At the individual level, multiple case-control studies have identified strong associations between home firearm ownership and suicide for all members of the household. 5, 6 Some have raised the possibility that the increased suicide risk among individuals from firearm-owning households may be mainly attributable to their differential baseline suicide risk, rather than the presence of a firearm in the home. 7 Numerous studies have indirectly addressed this concern by examining potential differences in suicide risk factors between homes with and those without firearms.
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Several of those studies have found no significant differences in mental illness or substance use between members of firearmowning versus nonowning households, [8] [9] [10] [11] although a few studies have observed some differences. [12] [13] [14] Methodological work has
shown that any such observed differences are insufficient to fully explain the strong association (i.e., an overall 300%-400% increased risk) between living in a firearm-owning household and suicide. 15 Some of these studies focused explicitly on adults with children in the home. 12 Other investigations used data from the General Social Survey, National Comorbidity Survey Replication, and Primary Care
Research in Substance Abuse and Mental Health for the Elderly study from the early 1990s to the mid-2000s, all of which found no relationship between mental health and firearm ownership. 9, 11, 14 Among firearm-owning households, unsafe storage practices (keeping firearms unlocked or loaded) have been associated with a greater risk of firearm suicide among both youths and adults. 5, 16, 17 Less is known about the relationship between safe storage practice and suicide risk factors. A few studies observed that home firearm access and unsafe storage practices were similarly common among households with youths who had and those who did not have mental illness, 10, 18 suggesting that efforts are not being taken to limit these young people's access to lethal means. Although 1 study found a negative association between safe storage laws and rates of firearm suicide at the state level, 19 our knowledge of the relationship between firearm storage practices and mental illness among adults is severely limited. Suicide is known to be an impulsive decision, with 1 study finding that nearly half of suicide attempt survivors reported less than 10 minutes between the first occurrence of a thought of suicide and their subsequent attempt. 20 Although adults likely have the ability to unlock or load household firearms, delaying an individual's access to lethal means may be beneficial in preventing suicide. 21 To our knowledge, the most recent Behavioral Risk Factor Surveillance System (BRFSS) data used to examine the relationship between firearm ownership and suicide risk factors date to 2004, 22, 23 and the relationship between storage practice and suicide risk factors has not been previously studied using these data. Using data from BRFSS in Washington State, we conducted an investigation to (1) characterize adult residents by their household firearm ownership and storage practice status, (2) provide an updated analysis of the association of household firearm ownership with suicide risk factors, and (3) examine associations between household firearm storage practices and suicide risk factors. On the basis of previous studies, we postulated that the scope and nature of firearm ownership can meaningfully vary by factors such as urbanicity, veteran status, and the presence of children in a home. Because these factors themselves are potentially associated with the risk of suicide, we sought to examine the prevalence of suicide risk factors by firearm ownership status across levels of these variables. Previous studies have also indicated that firearm ownership and the risk of suicide can vary by sociodemographic characteristics; male gender, middle age, unemployment, and living alone are all associated with increased rates of suicide.
2,24-26 Our overarching goal was to add contemporary information to the literature about the association of firearm ownership and storage practices with suicide risk factors. This information can in turn further inform the policy and practice pertaining to suicide prevention.
METHODS
We used data from the 2013, 2015, and 2016 Washington State BRFSS surveys to address our goals. BRFSS uses random digit dialing to survey noninstitutionalized adults aged 18 years or older about health-related risk behaviors, chronic health conditions, and the use of preventative services. Selected information on alcohol consumption and mental health is collected nationwide. Washington also uses state-added sections to acquire additional information about mental health and household firearm ownership and storage practices. BRFSS data are made available by the Washington State Department of Health, Center for Health Statistics, Behavioral Risk Factor Surveillance System.
Firearm Ownership and Storage Practices
Firearm ownership and storage practices were assessed through a 4-question module. Survey participants were first asked: "Are any firearms now kept in or around your home?" Those reporting the presence of a firearm were further asked about storage practices. The follow-up questions asked: "Is there a firearm in or around your home that is now loaded?" and "Is there a firearm in or around your home that is now unlocked? By unlocked, we mean that you do not need a key or combination to get the firearm or to fire it. We don't count a safety as a lock." If individuals reported that there was at least 1 loaded firearm, they were subsequently asked: "Are any of the loaded firearms also unlocked? By unlocked, we mean you do not need a key or combination to get the firearm or to fire it. We don't count a safety as a lock."
We characterized storage practices among residents of firearm-owning households in 1 of 3 ways. Those who used the safest storage method were individuals who reported all household firearms being stored both locked and unloaded. An intermediate risk group included individuals reporting the presence of at least 1 household firearm that either was unlocked and unloaded or was locked and loaded. Individuals reporting that there was at least 1 firearm in or around the home that was both unlocked and loaded had the least safe storage practices and constituted the third category. BRFSS questions are ordered to distinguish an individual reporting living in a home with at least 1 unlocked firearm and at least 1 loaded firearm from an individual living in a home with a firearm stored unlocked and loaded. We excluded individuals not reporting storage methods from this further analysis.
Suicide Risk Factors
We included measures of mental health and substance use known to be associated with suicide. We defined depression diagnosis as reporting having ever being told by a doctor, nurse, or other health professional that the respondent had a depressive disorder, including depression, major depression, dysthymia, or minor depression. The Kessler 6 (K6) instrument was used to assess mental health, with serious mental illness being defined as a score of 13 or greater, as previously recommended. 27 We considered individuals to have frequent mental distress if they reported 14 or more days of poor mental health in the past month. 28 We additionally included measures of both chronic alcohol use and binge drinking. We defined chronic or excessive drinking as 8 or more servings of alcohol in 1 week for women and 15 or more servings in 1 week for men. 29 We defined binge drinking as the consumption of 4 or more servings of alcohol at 1 time for women and 5 or more servings for men. 29 Appendix A (available as a supplement to the online version of this article at http://www.ajph.org) provides the survey questions used to collect information on all measures.
Statistical Analysis
We used multivariable Poisson regression models to obtain prevalence ratios (PRs) and their 95% confidence intervals (CIs), comparing prevalence of suicide risk factors among individuals from firearm-owning households with that of individuals from households without firearms. Among persons in firearm-owning households, we compared suicide risk factors on the basis of household firearm storage practices. We selected model covariates a priori and included respondent age, race/ethnicity, gender, household income, education level, employment, and marital status as potential confounders. We identified urbanicity, veteran status, and the presence of children aged 18 years or younger residing in the home a priori as potential effect measure modifiers and assessed them using interaction terms in the regression models examining the relation between firearm ownership and suicide risk factors after controlling for potential confounders.
We weighted data using the iterative proportional fitting, or raking, methodology introduced to BRFSS in 2011, which seeks to minimize bias and make estimates more generalizable to the state population and to accommodate the growing use of cell phones and the decline in landline usage. Data collected before and those collected after the 2011 change are not directly comparable, and the Centers for Disease Control and Prevention advises against using both in the same analysis. The 2013, 2015, and 2016 surveys were the only years after this change when Washington added the firearms module to the survey.
Data were missing for key variables among some respondents. Many individuals without an answer to these questions were also missing answers to the previous module, leading us to believe that most of the missing data were attributable to survey fatigue. Assuming missingness at random, we conducted analyses of data imputed through chained equations. We conducted the analyses with Stata release 14.2 (StataCorp LP, College Station, TX).
RESULTS
During the 2013, 2015, and 2016 surveys, there were 41 537 respondents. We included 34 884 (84.0%) respondents in our analytic database after excluding records of individuals who refused to answer firearm module questions (n = 1664), stated they did not know whether there was a firearm in their household (n = 155), or did not complete the entire survey and therefore did not provide responses to the firearm module (n = 4834). Individuals not providing information on household firearm ownership were more likely to be male, be younger, identify as Asian, and have an annual household income of less than $75 000. The excluded individuals were less likely to identify as White and to be retired.
Overall, 34.3% (95% CI = 33.7%, 35.0%) of adults reported living in a firearm-owning household. Respondents from firearm-owning households were more likely to be older, White, male, retired, and married than were those from firearm nonowning households (Table 1) . Respondents from firearm-owning households were also more likely to have reported an annual household income of greater than $50 000 and residence in a rural zip code. Neither college attendance (some college or completion) nor the presence of children in the household meaningfully varied by household firearm ownership, although individuals from firearm-owning households were more likely to be veterans (Table A , Appendix B, available as supplements to the online version of this article at http://www.ajph.org).
We further characterized the 12 707 participants in firearm-owning households by household firearm storage practices ( Table 1) . The safest storage practice was reported by 36.6% (95% CI = 35.4%, 37.7%) of respondents from firearm-owning households; 18.8% (95% CI = 17.9%, 19.7%) of respondents from firearm-owning households reported the presence of at least 1 unlocked and loaded firearm (Table A; Appendix B). Individuals reporting that household firearms were both locked and unloaded tended to be younger, female, and college graduates and to report children younger than 18 years residing in the household than were individuals from households with intermediate-or high-risk storage practices. Respondents reporting safe storage practices were also less likely to be retired or a veteran or to report residing in a rural zip code than were individuals reporting unsafe practices.
The prevalence of mental health indicators did not differ significantly by household firearm ownership status (Table 2) . Binge alcohol consumption (PR = 1.19; 95% CI = 1.10, 1.28), chronic alcohol consumption (PR = 1.21; 95% CI = 1.07, 1.37), and chronic pain (PR = 1.14; 95% CI = 1.09, 1.19) were more common among individuals in firearm-owning households. These findings were not meaningfully different in analyses of imputed data (Appendix C, available as a supplement to the online version of this article at http://www.ajph.org). The interaction between firearm ownership and urbanicity in relation to depression was statistically significant; depression diagnosis was less common among individuals in urban firearm-owning households (PR = 0.93; 95% CI = 0.87, 0.99) but did not vary by household firearm ownership in rural areas (PR = 1.09; 95% CI = 0.95, 1.26). There was no significant interaction between firearm ownership and urbanicity in association with any of the other risk factors. Veteran status did not modify the association between firearm ownership and any of the suicide risk factors.
There was evidence of statistical interaction between the presence of a child younger than 18 years in the home and household firearm ownership in relation to suicide risk factors. The interaction was statistically significant for previous depression diagnosis, having felt worthless most or all the time, serious mental illness as indicated by K6 score, frequent mental distress, and chronic pain. Despite statistical significance, the only indicator with evidence of meaningful effect modification was serious mental illness; in households with children, there was a positive association between household firearm ownership and serious mental illness (PR = 1.71; 95% CI = 1.17, 2.49), whereas in households without children, respondents from firearm-owning households had a lower prevalence of serious mental illness (PR = 0.78; 95% CI = 0.61, 0.99).
Among firearm-owning households, the prevalence of suicide risk factors varied by storage practice (Table 3) . Compared with individuals from households storing firearms locked and unloaded, binge alcohol use was more common among individuals in homes with at least 1 firearm stored locked and loaded or unlocked and unloaded (PR = 1.17; 95% CI = 1.03, 1.33) and even more common among individuals in homes with at least 1 unlocked and loaded firearm (PR = 1.44; 95% CI = 1.23, 1.67). Chronic alcohol use was also more common among individuals in homes with at least 1 unlocked and loaded firearm (PR = 1.85; 95% CI = 1.46, 2.33) as was frequent mental distress (PR = 1.25; 95% CI = 1.01, 1.56).
DISCUSSION
We believe this is the first study of firearm ownership and storage practices among a representative sample of adults on the basis of BRFSS data in more than a decade. In this study of Washington adults, the prevalence of mental health indicators was not markedly different between individuals from firearm-owning and those from nonowning households. Adults from firearm-owning households reported depression diagnosis, feeling worthless, feeling day-to-day tasks were an effort, serious mental illness, and frequent mental distress at a similar frequency as those from nonowning households.
Congruent with some previous studies, 13, 30 we found that the prevalence of alcohol misuse did vary somewhat by household firearm ownership, with binge and chronic drinking being more common among residents of firearm-owning households. However, the magnitude of the association was not large (i.e., about 20% more common). Our findings add to the body of evidence suggesting that increased suicide risk 6 among members of firearm-owning households is not adequately explained by differential emotional distress or alcohol misuse preceding death by suicide. 15 The qualitative interaction between household firearm ownership and the presence of a child in the household in relation to several suicide risk factors is noteworthy. Among individuals with children at home, there was a positive association between living in a firearm-owning household and serious mental illness. The presence of children in the home may prompt adults to acquire firearms with the perception of enhanced home defense. It is also possible that adults are cognizant of the risk that firearms pose to children in the home, potentially resulting in increased mental distress. Some respondents were likely from firearm-owning homes despite not being a firearm owner themselves; these individuals may be especially likely to have increased concern for a child's safety. Another possibility is that presence of children in the home may, at least partially, reflect the differential association between firearm ownership and suicide risk factors by age because respondents with children in the home tended to be younger than were those without. Although we controlled for age in adjusted analyses that included the interaction terms, our multivariable models may not have fully accounted for the relationship between age and suicide risk factors. Lastly, observed statistical interactions may be the result of chance findings and not genuine modifications of effects. Regardless, the presence of children in the home as a modifier of the relationship between mental health and firearm ownership warrants further study.
In examining storage practices among firearm-owning households, we found no significant differences in mental health indicators by storage practices. However, alcohol misuse was more commonly reported by individuals from households with at least 1 locked and loaded or unlocked and unloaded firearm and most prevalent among adults living in a home with unlocked and loaded firearms. A meta-analysis found that individuals who consumed alcohol were more likely to carry out a suicide with a firearm than were those who did not. 30 That this suicide risk factor is most prevalent among individuals in homes with the least safe storage practices is a cause for concern. Because of the impulsivity that contributes to death by suicide, even the extra minutes required to unlock and load a safely stored firearm may prevent some deaths by suicide.
Limitations
There are limitations to this analysis. As with other survey measures, data may be biased to the extent by which the characteristics of individuals whose records we included differed from those of individuals whose records we excluded. It has also been previously documented that reported household firearm ownership and storage practices are influenced by characteristics of survey respondents. 31 Gender is associated with reporting household firearm ownership. In data from the General Social Survey from 1980 to 1996, estimates of firearm prevalence varied by a median of 7 percentage points in married households, with husbands reporting household firearm ownership more frequently than did wives. 32 This pattern is present in our data; among married survey respondents, men were more likely than were women to report the presence of a firearm.
Reported storage practices also vary by respondent characteristics. Research using Oregon State BRFSS data from 1992 to 1993 found that individuals who reported having never used household firearms were less likely to indicate that firearms were sometimes or always stored loaded (17.5% of nonusers vs 32.2% of users) and that firearms were stored loaded and unlocked some or all of the time (12.4% of nonusers vs 23.6% of users). 33 Although the current Washington BRFSS questionnaire does not inquire about firearm use, who within the household is the firearm owner, or reasons for firearm ownership, unsafe storage practices are likely underreported because of variation in use of household firearms and social desirability bias.
Ascertaining mental health status requires asking sensitive questions. Previous research has found that a greater prevalence of poor mental health is reported in audio computer-assisted self-interviewing than in interviewer-administered paper-and-pencil interviews. 34 Although BRFSS does not involve face-to-face interviewing, interaction with an interviewer is less private than are self-administered questionnaires. This introduces the opportunity for bias via underreporting of depression and other mental health indicators. Previous evaluation of BRFSS data has also suggested that individuals with severe depression are less likely to provide complete information on their mental health status. 35 Additionally, for our indicators of interest, respondents to BRFSS reported only their own health status, whereas the measures of firearm ownership and storage were for the household. Individuals may report good mental health status, but this may not represent the mental health of all household members. BRFSS did not ascertain other indicators of mental health, such as relationship fulfillment and social support.
Public Health Implications
Many states have not inquired about firearm ownership and storage practices in BRFSS for more than a decade. Therefore, previous published investigations on these measures have relied on older data or data with smaller sample sizes. The BRFSS sampling frame provided a large, representative sample of Washington State adults for this analysis.
Our findings provide the most recent evidence suggesting that increased suicide risks among firearm-owning household members are not attributable to a greater underlying risk for suicidality. This evidence has public health and clinical implications. A nationally representative survey of adults in the United States found that 2 in 3 adults agree that it is sometimes appropriate for clinicians to discuss firearms with their patients.
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Providers have been recommended to discuss household firearm ownership and storage practices with their patients. Our findings on greater prevalence of alcohol misuse among individuals in households with unsafe storage practices than among their counterparts from households with safe storage practices highlight the importance of such recommendations.
Our findings also support initiating lethal means safety interventions on a larger scale. Recent research found that only around 15% of firearm owners, and an even smaller percentage of nonowners living in firearm-owning households, have had formal training in suicide prevention, 37 indicating the importance of enhancing awareness about firearm-related suicide. There are also growing community-based efforts to promote safe firearm storage. The preliminary evaluation of 1 such intervention in King County, Washington, was successful in improving storage habits among attendees. 38 Furthermore, the US Government Accountability Office recently released a report on the effectiveness of safe storage campaigns. 39 
